Sesame (Sesamum indicum L.) production in Paraguay has been severely affected by infection with Cowpea aphid-borne mosaic virus (CABMV), which causes a disease known locally as ka'are. Because very little is known about the epidemiology of this disease, a survey was performed in fields surrounding affected sesame plantations to identify CABMV-infected plants that may be acting as sources of inoculum. Samples from 48 plant species (symptomatic or asymptomatic, mostly spontaneous and a few cultivated) belonging to 17 families were evaluated by biological and serological assays. In a few select cases, confirmation of the infection was achieved by RT-PCR. The following species were found to be naturally infected by CABMV: Amaranthus hybridus, Arachis hypogaea, Crotalaria incana, Crotalaria juncea, Crotalaria spectabilis, and Vigna unguiculata. The absence of resistant/tolerant sesame cultivars along with the ineffectiveness of disease control through the chemical control of aphid vectors indicates that the only alternative available for disease management at present is the elimination and/or reduction of the sources of inoculum immediately before starting new plantations.
Sesame (Sesamum indicum L.) is an ancient oleaginous plant, and its cultivation dates back thousands of years to Egypt, central Asia, Iran, and China (Weiss, 1983) . In Paraguay, sesame cultivation is recent and is mostly performed by small growers. Sesame crops cover nearly 70,000 ha including 41,000 properties, most of which are in the Departamentos of San Pedro, and Concepción (Vasquez, 2011) , with an average yield of 800 kg/ha. Nearly 100% of Paraguayan sesame production is exported.
Sesame production in Paraguay has been affected by many factors; among these, a viral disease known locally as "ka'are" has been causing major and sometimes total losses for producers. The name of this disease is derived from the Guaraní language because affected sesame plants, with shorter internodes and thinner leaf blades, begin to resemble ka'are (Chenopodium ambrosioides L.) plants. The causal agent was identified as an isolate of the Cowpea aphid-borne mosaic virus (CABMV) (González-Segnana et al., 2011) . However, little is known about the epidemiology of ka'are disease in Paraguay.
Sesame has a very short cultivation period of approximately three to four months in the summer. Field observations clearly indicate that the virus is transmitted by aphids from nearby spontaneous or cultivated plants infected with the potyvirus. To better understand the epidemiology of this disease before proposing control measures, a survey was carried out in fields surrounding affected sesame plantations to identify CABMV-infected plants that may be acting as sources of inoculum.
Meticulous surveys were performed in eight different parcels (four in the 2010/11 season and four in the 2011/12 season) of sesame crops of approximately one ha each, with priority given to those showing "ka'are" symptoms and those colonized by aphids. Growers were selected from the city of Liberación and the districts of Morumbi 1, San Francisco, San Rafael, and Barrio San Pedro of the District de Guayaybi, Departamento de San Pedro. Additionally, inspections and samplings were performed during the sesame growth season in the following areas: (1) 
; Onagraceae (Ludwigia tomentosa (Cambess.) H. Hara); Passifloraceae (Passiflora edulis Sims); Portulacaceae (Portulaca oleracea L., Talinum paniculatum (Jacq.) Gaertn.); Rubiaceae (Richardia brasiliensis Gomes); and Solanaceae (Physalis viscosa L., Solanum sisymbriifolium Lam.). Of these 43 species, some showed symptoms suggesting viral infection (mosaic, leaf deformation, chlorosis, and stunting), whereas others showed no symptoms.
Mechanical transmission assays were performed to recover CABMV from all sampled plants. Extracts from these plants were prepared by grinding leaves in a mortar in the presence of 0.01 M phosphate buffer (pH 7.0) with 0.1% sodium sulfite. The extracts were then applied manually to the leaf surface of indicator plants (Chenopodium amaranticolor Coste & Reyn., cowpea (V. unguiculata Wallp.), and sesame) previously dusted with carborundum. Three newly developed plants of each species were inoculated with each sample.
PTA-ELISA was used to detect CABMV in each of the sampled field plants and the mechanically inoculated testplants as described by Mowat & Dawson (1987) . The antiserum (anti-CABMV) was produced against a passionflower isolate (CABMV-P) by one of the authors (JAMR, unpublished data) and used at a 1:1000 dilution. The reaction was considered positive when the OD 405nm reading was at least three times that of the control (uninfected) sample, and a Perlong model DNM 9602 ELISA reader was used to perform the measurements. The reagents were acquired from Sigma Aldrich. The immunoassays were carried out at FCA/UNA. Some of the collected samples were analyzed by transmission electron microscopy (TEM) to complement the detection of CABMV either by the examination of negatively stained extracts or observation of the cytopathic effects in thin sections as described elsewhere (Kitajima & Nome, 1999) . Examinations were made in a Zeiss EM 900 or JEOL 1011 transmission electron microscopes at ESALQ/ USP, and images were recorded digitally. Uninfected leaf tissues were examined as controls. The tissues were fixed at FA/UNA and subsequently processed and examined at the Electron Microscope Center of ESALQ/USP.
Total RNA was extracted from experimentally infected tissue of groundnut (A. hypogaea), A. hybridus, and C. juncea with Trizol Reagent (Invitrogen), according to the manufacturer's recommendations and subsequently used for cDNA synthesis by RT-PCR using M-MLV Reverse Transcriptase (Promega) and Taq DNA Polymerase (Invitrogen), according to the manufacturers' recommendations. CABMV-P1 and CABMV-P2 primers (formerly referred to as PWV-P1 and PWV-P2), which flank the coat protein gene and amplify a fragment of approximately 800 bp, were used for RT-PCR (Trevisan et al., 2006) . The amplified DNA fragments were visualized on a 1% agarose gel with SYBR safe under UV light. A 1 Kb DNA Ladder (Promega) was used as the standard. The RNA extraction was performed at FA/UNA, and the RT-PCR was performed at ESALQ/USP. Table 1 shows the results of the mechanical transmission assays from sampled plants to indicator plants, which were performed from 2010 to 2012. Leaf extracts from the field species A. hybridus, groundnut, Crotalaria incana, C. juncea, C. spectabilis, and cowpea, which showed mosaic symptoms, induced local chlorotic lesions in C. amaranticolor and systemic infections in cowpea and sesame. On the other hand, mechanical inoculation of extracts from the symptomatic field species Commelina diffusa, Cucurbita ficifolia, Mucuna ceniza, passionflower (Passiflora edulis), Senna obtusifolia, and Talinum paniculatum resulted only in localized chlorotic lesions in C. amaranticolor. These samples did not react with anti-CABMV serum in ELISA. Thus, the lesions might have been caused by another virus. Extracts from the remaining species collected in the field tested negative in PTA-ELISA with antiserum against CABMV and did not induce symptoms in the three mechanically inoculated test plants.
Negatively stained extracts from some of the field samples (cowpea and C. juncea) and indicator plants that were systemically infected upon mechanical inoculation (cowpea and sesame) contained elongated flexuous particles approximately 700-800 nm long that resembled potyvirus. Examination of the thin sections of cowpea and sesame inoculated with extracts from infected field plants (including C. juncea, C. incana, groundnut and A. hybridus) revealed characteristic lamellar inclusions typical of potyvirus infection (Figure 1 ), such as those induced by other isolates of CABMV. These inclusions appeared as parallel lines or pinwheel configurations (type Alternative hosts of Cowpea aphid-borne mosaic virus (CABMV) in sesame (Sesamum indicum)... TABLE 1 -Plant species from which leaf extracts induced symptoms in mechanically inoculated indicator plants. Systemic infection with CABMV was confirmed by PTA-ELISA 1 cll, chlorotic local lesions; s, systemic infection; fd, foliar deformation; ns, no symptoms.
FIGURE 1 -Transmission electron micrograph of a cowpea (Vigna unguiculata) leaf parenchyma cell exhibiting mosaic symptoms after mechanical inoculation with a field sample of Crotalaria juncea, which exhibited mosaic symptoms and grew in the vicinity of sesame (Sesamum indicum) with ka'are symptoms. Note the cytoplasmic type I lamellar inclusion bodies (Edwardson's classification system).
I in the classification system of Edwardson (1974) in the cytoplasm of mesophyll parenchymal and epidermal cells. In some cells, small aggregates of thin slender particles, presumed to represent potyvirus virions, were also observed.
Amplicons of approximately 800 bp were amplified from total RNA extracted from experimentally infected A. hybridus, groundnut, and C. juncea tissues (Figure 2) .
The partial host range of CABMV, which was mainly experimentally identified, is already known, and most of the species systemically infected with this potyvirus belong to the Passifloraceae (Maciel et al., 2009 ) and Fabaceae families. When examining members of the latter family, Bock & Conti (1974) reported systemic infection in soybean (Glycine max) and petunia (Petunia hybrida) as well as some cultivars of common bean (Phaseolus vulgaris L.) and pea (Pisum sativum L.). Experimental transmission of a potyvirus isolated from passionflower, previously misidentified as Passion fruit woodiness virus (PWV) but then correctly identified as CABMV (Nascimento et al., 2006) , caused systemic infection in groundnut, Canavalia ensiformis, C. brasiliensis, Senna occidentalis, Centrosema pubescens Benth., C. juncea, zucchini (Cucurbita pepo L. cv. Caserta), and common bean (cvs. Preto G-2 and Black Turtle 2) (Gioria & Rezende, 1996; Gioria et al., 2004) . A CABMV isolate found in beach bean (Canavalia rosea (Sw.) DC.) field plants showing mosaic symptoms was mechanically transmitted and caused systemic infection in Cajanus cajan (L.) Millsp., beach bean, Canavalia ensiformis, soybean (cv. Santa Rosa), Senna occidentalis, sesame, cowpea, Vigna radiata, and Nicotiana benthamiana Domin. but did not infect groundnut or the common bean cvs. Jalo, Carioca and Black Turtle 2 (Kitajima et al., 2008) . There are some previous reports of CABMV that naturally infects sesame in Georgia, USA (Pappu et al., 1997) . Additionally, a potyvirus (potentially CABMV) reportedly infected an experimental sesame field in Ceará state, Brazil (Lima et al., 1991) .
Natural CABMV infection was noted in 12 species, the majority of which (seven) were members of the Fabaceae family. This finding corroborates some of the above experimental results and reveals additional host for this potyvirus in the family Amaranthaceae, which was not previously reported as having susceptible species. Furthermore, this appears to be the first observation of a large number of naturally CABMV-infected species next to sesame crops in the field. These facts suggest that the high incidence of this virus in sesame plantations, which was first reported in Paraguay by González-Segnana et al. (2011) , may be partially associated with large numbers of CABMV sources in sesame-producing regions. The absence of resistant/tolerant sesame cultivars and the ineffectiveness of disease control through the chemical control of aphid vectors (due to the non-persistent virus/ vector relationship) indicate that the only alternative available for disease management at the moment is the elimination and/or reduction of sources of inoculum before starting new plantations. Another strategy would be to reduce infestation by exogenous viruliferous aphids using physical barriers. Failure to adopt these procedures may result in a constant increase in inoculum pressure, which will certainly contribute to early infection of large number of plants, resulting in severe yield losses.
